A preconcentration technique having a high concentration factor, based on collecting trace elements on a membrane filter and dissolving the membrane filter with them in an organic solvent, has been applied to the spectrophotometric determination of titanium(IV) in environmental samples. Titanium reacts with sodium 1,2-dihydroxybenzene-3,5-disulfonic acid (Tiron) to form a water-soluble chelate anion, which, in turn, forms a precipitate with benzyldimethyltetradecylammonium chloride (Zephiramine). After the precipitate is filtered through a membrane filter it is dissolved together with the filter into dimethyl sulfoxide (DMSO). The absorbance of the solution is then measured at 382 nm. In the presence of vanadium(V) it is performed at 382 and 660 nm. Molybdenum(VI) must be previously removed by extraction with a-benzoinoxime.
The development of a highly sensitive and selective spectrophotometric method for titanium(IV) is essential, since it is difficult to obtain high sensitivity using flame atomic-absorption spectrometry, due to the formation of a stable oxide species in the flame; also atomicabsorption spectrometry with electrothermal atomization generally involves expensive instrumentation which is not available at all laboratories.
Although several spectrophotometric methods have been reportedl-8, most of them are tedious or have reaction media with high acidity (as in a 1-10 M HCl solution).
Recently, a stopped-flow kinetic method for the simultaneous determination of iron, titanium and vanadium at the µg/ml level has been reported based on their inductive effects on the chromium(VI) iodide-starch reaction in a weakly acidic medium.9 However, since the pH range was narrow (1.6 -2.2), it was difficult to control the pH of a sample solution. 1,2-Dihydroxybenzene-3,5-disulfonic acid (Tiron) is a well-known chelating agent for the spectrophotometric determination of titanium(IV)10-1.2, molybdenum13, niobium 14, vanadium15, etc., and titanium is determined in the pH 4-6 range.
On the other hand, Taguchi et al. proposed a simple and fast preconcentration technique16,1' based on collecting a precipitate on a membrane filter and dissolving the precipitate with the filter in a small volume of organic solvent. In our previous studies, this preconcentration technique was applied to the determination of sulfate ion in rain and snow by spectrophotometry18, phosphate ion in water samples at the ng/ml level by a visual method19 and trace amounts of titanium(IV) by spectrophotometry.20 Titanium(IV) was collected as a precipitate (titanium(IV)/Tiron/Zephiramine) on a polyethersulfone membrane filter; the collected precipitate was dissolved in DMSO, and the absorbance of the DMSO solution was measured. The use of this method allowed the determination of titanium(IV) at the ng/ml level with a 100-fold preconcentration.
However, V~, Mop' and WV' interfered. In the present work, the authors studied various separation methods from the interfering elements and established a method for the determination of titanium(IV) in environmental samples as plant and mine drainage. filter holder with an effective area of 2.2 cm2 was used as a filter support. A Carbolite-Toyo (KKESF-3-ELP) electric furnace was used for the decomposition of plant samples.
Reagents
All of the reagents were of analytical grade, and highpurity water (Millipore, Milli-QII) was used throughout. A titanium(IV) standard solution was prepared from a stock solution (Wako,1000 µg/ml) by dilution with 1 M sulfuric acid. A sodium 1,2-dihydroxybenzene-3,5-disulfonate (Tiron) solution (DOJINDO, 2% w/v), benzyldimethyltetradecylammonium chloride dehydrate (Zephiramine) (DOJINDO, 2.0X10-2 M) and an ethylenediaminetetraacetic acid disodium salt (EDTA) solution (DOJINDO, 0.1 M) were prepared with water. aBenzoinoxime (Kanto Chemicals, 0.2% w/v) was used as a chloroform solution.
The filter papers were polyethersulfone membrane filters (Advantec Toyo; 25 mm in diameter; pore size, 0.8 µm).
Standard procedure
A 5 -300 ml portion of a sample solution containing up to 10 µg of titanium was taken into a separatory funnel and acidified with sulfuric acid to 0.5 -1 M. The volume of the aqueous solution was kept at least at 30 ml. Ten milliliters of a 0.2% a-benzoinoxime chloroform solution was added and was shaken for 5 min. After the chloroform layer was removed, the extraction was repeated once more. The aqueous layer was placed into a beaker. To the solution were added 5 ml of a 2% Tiron solution and 10 ml of an acetate buffer solution; the solution was then adjusted to pH 3 -6 with 4 M sodium hydroxide. Then, 2 ml of a 0.1 M EDTA solution and 2 ml of a 2.0X10-2 M Zephiramine solution were added. The solution was stirred with a Teflon rotor for 3 -30 min according to the volume of the solution (3 min/ 5 -30 ml, 5 min/ 100 ml, 20 min/200 ml, 30 min/300 ml). The precipitate formed was filtered off together with the rotor by suction, transferred with the rotor and membrane filter paper into the original beaker, and dissolved with the membrane filter in 5 ml of dimethylformamide (DMSO). The absorbance of the DMSO solution was measured at 382 and 660 nm against a reagent blank.
Decomposition of plant samples by dry ashing
The weighed sample was put into a platinum crucible and ashed in an electric furnace at 550° C for 12 h. After cooling and the addition of 4 ml of nitric acid and 4 ml of hydrofluoric acid, the crucible was carefully heated to dryness at 150° C on a hot plate. The addition of acids and heating to dryness were repeated twice. The residue was then dissolved with 2 ml of sulfuric acid by gentle heating, transferred into a separatory funnel and diluted to about 50 ml with water. The determination of titanium(IV) in the solution was performed by the standard procedure described above.
Results and Discussion
In a previous paper20, 10 µg of iron(III), 10 µg of molybdenum(VI), 10 µg of vanadium(V) and 100 µg of tungsten(VI) gave positive errors of 13, 21, 33 and 24%, respectively, in the recovery of 10 µg of titanium(IV). Although iron(III) was masked up to 1 mg with 2 ml of a 0.01 M EDTA solution, suitable masking agents for three other ions could not be found. Therefore, the separation of the ions from titanium(IV) was investigated.
Extraction of molybdenum (VI) and tungsten (VI)
To remove molybdenum(VI) and tungsten(VI) from titanium(IV) beforehand, extraction methods13,21 were investigated. Both of the ions in a 0.5 -1 M sulfuric acid solution were extracted with 10 ml of an abenzoinoxime chloroform solution. The extraction was repeated twice for a complete removal. The tolerable amounts of molybdenum(VI) and tungsten(VI) were 1000 and 100 µg, respectiveley, in the recovery of 10 µg of titanium(VI).
Determination of titanium (IV) in the presence of vanadium(V)
The absorption spectra for titanium(IV)-and vanadium(V)-Tiron-Zephiramine in DMSO are shown in Fig. 1 . The titanium(IV) complex has an absorption maximum at 382 nm, vanadium(V) complex has three maxima at 438, 525 and 660 nm. The straight-line calibration curves indicated that Beer's law was obeyed up to 15 µg for titanium(IV) and 50 µg/ml for vanadium(V). The molar absorptivity for titanium(IV) at 382 nm was 1.36X1041 moL1 cm 1, and those for vanadium(V) at 382 nm and 660 nm were 1.27X1031 moL1 cm 1 and 2.02X 1031 mol-1 cm', respectively. There- fore, the amount of titanium(IV) in the presence of less than 50 tg of vanadium(V) was determined based on the difference in the absorbance at 382 nm from 0.63-times the absorbance at 660 nm. All of the commonly occurring foreign ions investigated in a previous study20 did not interfere at 660 nm. It was suggested that the proposed method is applicable to a simple simultaneous spectrophotometric determination of titanium(IV) and vanadium(V) in environmental samples, such as coal or coal fly ash.
Results of an analysis involving environmental samples The data used for an analysis of mine-drainage samples are given in Table 2 The authors are grateful to Prof. K. Okamoto (Tokushima University) and Prof. S. Abe (Yamagata University) for their helpful advice. Table  1 Analysis of NIES-certified material samples Table 2 Analysis of mine-drainage samples
